Nineteen men who had suffered permanent paraplegia a median of 4 years previously were studied. Eight also had varying degrees of neurological deficit of the upper extremities. Bone mineral, biochemical and hormonal values were compared to those in an age-matched control group in order to detect evidence of systemic osteopenia. There were very considerable individual variations in bone mineral density (BMD) deficits among patients compared to controls, probably partly due to methodological problems. Significant BMD deficits were found in the metaphysis (45%) and diaphysis (26% ) of the tibia, while the deficit of the distal forearm was barely significant for the group as a whole. There was a negative correlation between time since injury and degree of BMD deficit in the lower extremity. Those with neurological affection of the upper extremities had a greater BMD deficit of their arms than those with neurologic ally intact arms. It was concluded that osteopenia in paraplegics is largely confined to the paralysed extremities, and thus not systemic.
Introduction
Healthy individuals who are confined to bed for long periods lose bone mineral from their skeletons. When ambulation is re sumed a full restitution is seen of both diaphyseal bone, which is almost exclusively cortical, and metaphyseal bone, which has a varying amount of trabecular bone.1,2 This indicates that this transient osteopenia is probably due to disuse. Patients who suffer spinal cord injuries, however, undergo a period of increased bone turnover where loss of bone mineral greatl r exceeds that found with simple bedrest. · , 4 Griffiths et a15, 6 reported that while diaphyseal bone mineral content in the upper limbs of paraplegic patients returns to normal after rehabilitation, the metaphyseal bone min eral content does not. This finding seems to raise the possibility of a systemic factor promoting osteopenia of metaphyseal bone in paraplegic patients.
The purpose of the present case control study was to evaluate bone mineral content in both the upper and lower limbs of men with inveterate traumatic spinal cord lesions and to determine whether osteopenia in such patients could be due to gonadal dysfunction, as it has been established that bone mineral mass is also dependent on sex hormone levels in men. 7, 8 Patients and methods
Nineteen male patients with spinal cord injuries were studied. Their median age at the time of injury was 20 (range: 15-64) years. They had sustained injuries of the spinal cord a median of 4 years (range: 7 months -33 years) before study. Levels of fracture and lowest functioning spinal seg ment are shown in Figure 1 . Ten patients had been injured in road traffic accidents, 5 at work, 2 while skiing and 2 by gunshots. Nine patients were on no regular medica tion. One patient received buprenorphine and one trimetoprim. The remaining 8 patients were on hippuric acid and vitamin C. Two of these also took baclofen.
Eleven patients rarely or never assumed an erect posture. Four were upright be tween one and 2 hours per week and 4 between 4 and 7 hours.
A male control of the same age was selected for every index patient among nurses, medical students and blood donors. A control for the oldest index patient (60 years of age) was selected among our inpatients. A few of the younger controls were a year older or younger than the index patient, while the oldest control was 2 years older than his index patient. None of the controls were on regular medication.
Median height both for index patients before injury and controls at the time of study was 180 cm. The individual index patients were a median of 2 cm taller (95% confidence range: -7 cm to +7 cm; p = 0. 40) than their controls.
Median present weight was 70. 5 kg for index patients and 75 kg for controls. Indi vidual index patients were a median of 4. 5 kg lighter (-17 kg-+ 10 kg; p = 0. 21) than controls.
Bone mineral density (BMD) of the upper and lower extremities was determined with a Gambro photonabsorption scanner9 which had been modified to also admit the lower limb. The americium 241 beam was collimated to 3 mm for measurements of the arm and 7 mm for the leg. A constant distance was maintained between source and detector for all measurements at each scan level. Measurements were performed 1 cm and 10 cm proximal to the tip of the ulnar styloid and 4 cm and 10 cm proximal to the tip of the medial malleolus. The reference points were found by palpation. The non dominant side was measured unless there had been a previous fracture of the extremity. Only the tibia was included in scans of the diaphysis of the leg. At all other scan levels both bones were included. Bone mineral content was divided by the width of the bone to give BMD. Measurements on 2 different days in 11 controls showed the precision of these measurements to be 7% in the diaphysis and 4% in the metaphysis of the lower limb and 4% in the diaphysis and 11 % in the metaphysis of the arm. The difference in BMD between index patient and control was expressed as a percentage of the BMD of the control and considered negative when BMD was lowest in the index patient. In the 11 controls who had been measured twice the mean values were used.
The biochemical and hormone level determinations which were performed are shown in Table I . All hormone analyses were performed in duplicate with standard radioimmunoassay techniques. Blood for total testosterone determination was drawn before noon, but it was not required that patients should be fasting when blood sam ples were taken.
Non parametric tests (Wilcoxon'S paired test and Kendall's tau) were used for statist ical evaluation. One-tailed p-values lower than 0. 05 were considered significant.
Results
There was considerable vanatIOn in the degree of difference in BMD between index patient and control. This was particularly true for metaphyseal measurements. There was a considerable and significant deficit in BMD in index patients' lower limbs (Table II) .
In the arm, however, the diaphyseal deficit was slight and barely significant, while the median metaphyseal deficit was somewhat more pronounced, but not statist ically significant. The 8 patients with partial or complete loss of power in the upper limbs had a median diaphyseal BMD deficit of 8% (95% confidence range: -34% -+3% ) and a median metaphyseal deficit of 23% (-58% -+40% ) in the arm. In contrast, patients with full function of the arms had a median BMD deficit of 3% (-14% +26% ) of the diaphysis and 4% (-47% -+37% ) of the metaphysis. The difference was almost statistically significant for the diaphysis (p = 0. 053), while the p value was 0. 108 for the metaphysis.
There was no correlation between time of injury and degree of BMD deficit in the upper extremity (tau> -0. 2), but the cor relation coefficients for the lower limb were, -0. 70 (p < 0. 001) for metaphyseal bone and -0. 55 (p < 0. 01) for diaphyseal bone.
Serum creatinine was significantly lower in index patients then in controls, while alanine aminotransferase (ALA T), serum phosphate, follicle stimulating hormone (FSH) and sex hormone binding globulin (SHBG) were lower in controls (Table I) . There was no significant differences in the levels of haemoglobin, ESR, alkaline phos phatase (ALP), total calcium, albumin, parathyroid hormone (PTH) and luteinising hormone (LH). The concentrations of total testosterone were practically identical. However, when total testosterone values were divided by SHBG to give an estimate of free testosterone (free androgen index, F AI), this was found to be significantly higher in index patients.
Discussion
In spite of being matched only with regard to age, patients and controls were of com parable height. Patients were lighter than controls, although not significantly so.
The BMD estimations we have performed are not very precise, but sufficiently so when studying groups of individuals.
The main bone mineral loss was found in the lower limbs, while there was only moderate affection of the upper limbs in the group as a whole. The more pronounced loss seen in the upper limbs of quadriplegic patients would seem to indicate that osteo penia is not generalised, but confined to the neurologically affected extremities. Any ini tial osteopenia of neurologically intact up per extremities had been almost completely reversed by the time of our measurements.
In the affected limbs, osteopenia was more pronounced in metaphyseal than in diaphyseal bone. This has also been ob served in post traumatic osteopenia.lO Also the finding of a much more pronounced osteopenia in paralysed lower limbs than paralysed upper limbs has been reported previously. 1
It was, however, surprising to find that the degree of osteopenia in the affected limbs increased with the time since injury. One might have expected the bones to adjust to the lack of stimulus and reach a lower steady state during the first months or years after the injury. This finding needs corroboration before conclusions can be drawn.
Our finding of a lower serum creatinine among paraplegic patients than in controls is probably due to reduced muscle mass, and confirms a previous report by Mirahmadi et al. 12 The reason for the significantly raised ALAT is unclear. None of the drugs taken by the patients are known to be deleterious to the liver. The participants in the study were not questioned about alcohol con sumption or any sporadic use of analgesics which might affect the liver.
Neither patients nor controls had serum phosphate values outside the reference values of our laboratory, but the median value was significantly higher in patients than in controls. This was not due to low calcium values among patients. Burr and Nuseibeh13 found no significant differences in either serum calcium or phosphate values in the paraplegics and controls they studied.
Our findings of no significant difference in LH or total testosterone, but higher levels of FSH in patients than controls are not in accordance with previous reports. Perk ash et al14 found raised LH and total testo sterone in paraplegic patients while FSH was similar to that in controls. Naftchi 15 reported total testosterone and FSH to be the same in spinal cord injured patients and controls while LH was lower in quadriple gics than in paraplegics and controls. Claus Walker et al16 found lowered total testos terone values for the first 18 months after paralysis, and a tendency toward normalisa tion with time. Phelps et all7 reported total testosterone, free testosterone and serum sex binding protein well within the reference ranges in 50 men with spinal cord injuries. They found somewhat higher total plasma testosterone in quadriplegics than in para plegics, but there were no significant differ ences in free testosterone, serum sex bind ing protein, or percent of free testosterone. It may be of importance that none of these reports were based on case control studies.
Among our patients serum SHBG was lower than in controls, although within the normal range. For this reason, however, the free androgen index was significantly higher in index patients, and thus the level of free testosterone.18 None of the patients had, to our knowledge, received androgenic or anaReferences bolic steroid therapy. The significance of these findings is unclear, and would need to be confirmed before hypotheses are formul ated. They do not, however, indicate that gonadal dysfunction is a factor in the aeti ology of osteopenia among paraplegic pati ents.
